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River discharges of carbon to the world's oceans: 
determining local inputs of alkalinitr- \ 
and of dissolved and particulate organic carbon 
Wolfgang Ludwig. Philippe Amiotte-Su(het and Jean-Lu( Probst 
Abstract An empirical modelling tha! allows il prediction the amount of atmospheric cal consumed by contI­
nental l'rosion is combined with il river-routing file in order to delermine the spatial distribution of 
river carbon inputs 10 the world's oceans. The total fluvial carbon input is calculated to be 710 tl'ril­
gfami of carbon per year (TgC/yr). 205 TgClyr are discharged as dissolved organie carbon, 185 TgClyr 
ilS particulate organie carbon, and 320 TgC/yr as bicarbonate ions. Of the latter figure, 230 TgOyr 
stem nom the atmosphere, while the remainder 90 TgC/yr originale trom carbonat? minerai dissolu­
tion. The Atlantic Ocean receives the grE'atest amount of river carbon, followed by the Pacifie Ocean, 
the Indian Ocean, and the Aretie Ocean. The "Spatial distribution of the predieted river carbon inputs 
ma)' be induded in further modelHng rtudies in order 10 better understand the lateral transports of 
carbon in the pr�nt-day global carbon cyc:le. 
Keywords: Ri�ers, Alkalinity, Organic carbon, Atmospheric CO)' Global carbon cycle. 
Résumé Transports de carbone par les fleuves aux océans: 





et de carbone organique dissous et particulaire 
Une modélisation empirique qui permet de prédire la quantité de COz atmosphérique consommee 
par l'érosion continentale a été couplée ,!J une procédure de routage des eault con:inentales lIers les 
oceans. Ainsi, le flux total de carbone apporté annuellement Il l'ensemble des océan. peut étre estime 
Il 710 teragrammes de carbone (TgClan), dont 20S TgClan sous forme de carbone organique dissous.. 
185 TgClan sous forme de carbone organique Pilrticul1lire et 320 TgCl1ln �ous form/! de bicarbonate,. 
l'océan Atlantique reçoit la majorité des apports fluviaux de carbone, suivi par l'océan Pacifique, 
l'océan Indien et l'océan Arctique. la distribution spatiale des apports de carbone aux océans, telle 
qu'elle a été déterminée dans cette étude peut être utilisée dans des modèles du �·de global du car­
bone, pour mieux comprendre les transports latéralU de carbone dans le cycle global du carbone. 
Mots-dés: Fleuves, Alcalinité, Carbone organique, COI atmosphérique, Cycle global du carbone. 
INTRODUCTION 
L
ES apportli de rarbom: par I� neul'es aux 
océans consliLueU! Url nux importanl 
dans le C)'Cle du carbone. l...t- CÛt auner 
sphérique est consommé ,lIa rois par la rorma­
lion el l"érosÎon de la matière organique el 
par l'altération chimiqut' des roc.heJ. Cc car-
bone est ensuitc transféré par les fiCU\"C5 sous 
formc de carbone organiq\ze dissous (COD), 
de carbone urganique par!ICIIlaire (COJ') el 
de carbonc inorg-<lzzique dissous (HCO;), des 
sols ven les océallS. Cc IllLX constitue t'Il\iron 
un tiers du nux ne! de CO� atmosphérique 
absorbé par les oceans (Sarmiento el Sund­
quist. 1992). 
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Tenir compte de� apports lIU1iaux de car­
bone d:lIl, la !1Iodéli�at ion du c)'cle titi car­
bOllC uécessitc de c onnaît r e localcmcnl 
l'inLellsile:; tic CC� appOrts dans le* ,dil"fértylls 
Of"éans, L'ohjcClifct(> ft' ll';w;ül est rl�corllblc:r 
ce 1ll,l!lfJUC, en (OUrlanl un modële simulalH 
la dis tr ibu tiun sp:l l iale de. nux d� CO� 
consommé p:1I' l'êrosioll coutinentalc à une 
procédure de roul.lge des cau x [0Il1inclIl:lle5 
\'()!'S Ics océans. 
MATERIEL ET METHODES 
l..J. d�"lribll1ion �f"iak tlu CO, allnmphérifl"� 
consonlnu' par l'h"""" ,.(lnlilH"II�'" ôI t";IO: ç.lklll�.., 
l)�r des modêlc$ globaux rr�rmkll1 pour �imliler kl fl"x rh: HI.{), (Ami"ul'-Suchct." l'rob'l, 1!l!l3 <l, Il: 
1995 �, b; AnliOIIe-SlIchel, 199;';: Ludwig �I �/ .. SOU! 
prt'$Sel CI dc Cil boue <>ry;auÎ,/"e di!i50US CI parûclI­
lairc (1."dw� ri 'II .. 199û: [,lU ,,'ig <1 III., SOU$ pres1C) 
libi'rêl p'.r 1 êrosloH el IranJponés p:tr lcs flCllI'C5. 
A panir de (es modê[c$, les flux moyens ;umu .. 15 dc 
carlllme al'ptmês aux '1I1J Mt 6é déterminés en 
tui!i$alll (ku� plan .• d.' n'IJI�gl: dc� cau); (OU!iHl:.II· 
1�1c:s sur la b,'\S('" d'un rbtall hl-drOlFphique global 
simplifié (�Iilh:r ri III .. 1991), t·UII a une rê:.oluliou 
2 latiludc' pr 2 . .'j°longilurle CI !',!Utre:'i -1" btjmcl� 
par 5" lun"lllUd�. Lc� Ilux dc caroonc ainsi calculé.� 
""u di'pI'niIJk' �"pn"  (I,,� �"'�"r., 
APPORTS DE CARBONE AUX OCEANS 
La ligure m01Hre la dislributiun �p;niil t 
des apports nuviaux moyens anuuéls de C:\I'· 
boue. D:m, le tilhltau, ces nUl> SOn! dél:lillés 
]>Our chaque ocëan CI pmlr [haqué !)arIde l:tti­
ludinak dr 4 , NOliS :wons pu estimer que le 
nux t01a1 de c:lfbonf" aplXlfli' annuellement j 
l "enS<':mhle des oc�allS ';Iait de 710 TgC. dom 
205 TgC de COl). 185 TgC de COI' CI 
320 TgC (le HCO;. Cc dern ier nux eSI lui· 
m"l11e ccu,;ti\\1c de ;!JO Tge pn:m:�nanl du 
co� d'origine iltl1losphêriquc et de 90 Tge 
issus de la dissolutioll des millêraux t:arbona­
tes.. 43 % des cxporUilions totales de carbone 
sc fom veu l'oet':an Aihullique, 3-t % l'ers 
l'ocêan l'acifique. 15 % ven I"oréan Indien et 
fi % l'cn l'océan Ar(1ique. 
r\ l"échc1h: globale, le flux ùe HCO; est 
moins l'le.·c 'lue le flux de carbone orga­
nique (dissous CI paniculairc). Cependant. :l 
l"êchcJ1c locale, (e l-apport C!lIre le carbone 
in organiqne cl le carbone organique 
(RIO) pe uL laner de laço!! i m portan l e 
(Illbleatt). 1:" Cfrt'I, ks lIus de carbone Org,l­
nique SOnt plt!.i lib :. l'ilUcnslI'; du drninage 
que Ile I"CSI le flux dl' IICO, qui dêpend. en 
plus. de 1:\ n:llUre de� rrxhcs :Ifficurnm sur 1L-s 
b;1S.�iIlS nUI;aux. Ain:.i, pour les ba!.siIlS où ks 
:,mCurelllt'lItS d.! roches carhon;i1ée� SUlU 
imlxu·(:IIIIS. KlO peUL alleindrc 1,5:i 2. rommr 
par esemple rbn� l'orbn Atlantique elli!"c 48 
CI &2° N (11elll" St. Laurcnl) ct clltre 40 et 
<1<1' N (neuI·cs éUl"opëem tds quc le l):l.1l\1OC 
eL le RlIÙnc). (lU dans l'ocean l'atill(IU'! elllll' 
28 eL 32' K (neu"c Changjiang) CI e!llre 20 l1 
2-1 N (nCII\"l� Ilungho). Les aJ1leuremclIlS dt 
roche c:!rbonatêes êmm les plus :Ioolld:ult� 
SUI les t"OnlinenlS de I"hémispherc Nord, RI" 
dei ;ippon� nU\"I:!UX d.' r,lrholl<- :I\lS orêam 
(�.�I pIns fon I)()ur lei T<\'Î"ns �il1ll�� ail Nord 
de l'é(IIl:\U:IIT. 
l.t' r:IPi'X)r! cntrc le COD ('1 le cor (R1wl 
monlre que le� appon� de r:OD sont dOI1lt-
11.lIlIS d;l/ls l'on: ... n Allantique, alon que ceux 
de Gap sonL plus abond.um dan� le� oceam 
Pacifique el Indien. Dans la p:lTlie Ilorel rit 
l'océan Indien. R,1I' esl de 0.6 en ffiOlcnn.:, (:Ir 
les !lem·es drninant le Sud et le SE de l'Hilll<l­
lap (GaIlKe�/ BllIhmapolltrc, Indu� CI Irra· 
"�dddv) .)(Illl caraclcrisës par de� tl':!.n�pofl� dr 
sl:diment très él('\·é�. 
OEVENIR OANS LES OCEANS 
LTne rois dans I"ocê:m, le carbone eSI di· 
miné par la sédimt'lUa1Îon de la maLihe orJ..>a­
nique, par la sédimemalion carbonalée. aimi 
que p:lf l"oX)"d'llion de la matière .. rgan ique 
dans la (olonne d·cau. Les dcux dCn1i�n pro­
ces;us libèrcnt du COt qui retourne ,. I":!uno­
sphère, a(on; que les pr()Ccssus de �dimC::III,I· 
lion COIlSIÎtuCIll un nux d\·lIll'l!e d;1I1S le 
r':;�cl"\'<lir ]ilhosphël'c. En cumidênllli le r'-'�('r. 
loir océan ft l"êcluî1ibrc, Smith el Iiollihallgh 
(1Y')3) cllimtlll ri·après des drll n':cs de la Iii· 
Icramre, qu'emiron un lien de l'iI]lport 101:11 
de carbone organiqui" par!l-S fIcllll"s �'51 Lnms­
rl!r� lel� la lithusphi:re, pcndallt <lue le r(".�I(' 
dêg:Ill" ICrs I"aunosphere. En :lppliqU31l1 kilTS 
résultaIS aux \alcurs riélennillée\ d:UlS celle 
élUde. on peut estimer que 2ti5 TgC/an de 
carboll/!: oq,pn ique apporte! p:lr les fIeul'cs 
rCIOUrlICIIl il I"atmusphe:;re .. prCs ux)'datiun, 
darb les t.OI1t�S cOlicrcs (30?<-) 0\1 cn ofbU1 
Ul,,"�1"1 (70%). 
En ce qui COIICerTIC le carhone i!lorg:!­
nique, la préc'pit.·uion des mirlérnu .... (;lroon:l­
lés Il .... e \lne mole dl: I-ICO, pour unl' 111011" dl" 
CO: dég;ll.é "crs l"almO!.phere. EII Wl\�illl·I-.tnL 
le r,:sclyoir océan à 1"ëquilibrc, Hi() TgC/an 
de 1-100, som SL�lim.;nlés. alors qu'une <luan­
tité c:."C]uil'a\cJtlt' de CO� l'St d(;�pzéc, 
lithosphère:. p.1r lïnu�nn('(1i;lirc Ull l'oIGmisnu:; 
:léricil (ellviron 70 TgC/:1Il : Ikntcr el 11/ .. 
1983 : \\�m;Ul1S .>1 al .. I9IJ2) tl de l'oxydation 
dc lit rnatiù{c OT!lflli(IUe des ro(hc� sêdi­
mcnt�ircs wr !cs cQl\tiUt'l1l5 (enl'iroll 
125 l'ge/an; Kramcr. 1994; S,trlllÎt'I1W CI 
Suml<luÎ5I,I9921. 
CONCLUSIONS 
Ainsi. sur les 620 TgC c1e CO: d-origine: 
atmosphérique CQlI.'lOlIlll1ê chaqut" année p.lr 
rérosioll, 011 est ime que 425 TgC!an sont 
dire<temem clëga1,és des odans ,'ers l'atmo­
sphére_ Les 195 TgC/an r('Slam devraient 
l'CItIUIUCI :. l'.,ulluhpllbe;; l,;mir dll rê�r.",ir 
Crpenrlanr, le laux de la malière orga­
ni(luc nm'ialilc qui est ox�-rlée ou 'iédimcllIée 
dml� lc� c.stuaire) CI daus lc� zolles cÔlikrts e�1 
1O,�our� peu connu il l'échcllcglobak, 
INTRODUCTION 
The dischargc uf nuvial carbon to the 
I\'orld's oceans represents an impon:tm com­
pOilent of the global carbon cycle_ Almos­
phede/soil CO� is cOTlsumcd holh by OqÇd­
nic malle!' formation and che mÎcal rock 
wealhcting. and subscquemly transferred � 
dissoked organic Cal'bOlI (DOC). particulale 
orgallÎc carbon (POC), and dis.�I\'ed inorga­
nic carbon (mainly bicarbonate iOlls, HCO,) 
10 tht' oceans by ril'ers. II has bcen cstimated 
Ihal ùlcrc is a permanc1ll nux of 700 to 
800 Icragrams (10" g) of almosphcric car­
bon going 10 the oceans el'cry year 
(TgC/yr). I\'ilh about 200 10 220 TgC/}'r 
b(:illg discharged as DOC (Mc}'beck, 1982; 
1993: Spitzy and Leenhccr. 1991; Ludwig Id 
al., IY%j, 180 Lo 230 'l'gC" POC (Meybcck, 
1982; 1993; IIICkkut" 1988: Ludwig et al., 
1996). and 260 la 300 TgC/rr as HCO; (Ber­
ncr el (lI., 1983; Meybcck, 1987; Probst, 1992; 
Probst el (lI" 1992; 1994 (t; Amialle-Suchel 
and Probsi. 1995). This COHl accounl for 
ahoul one third of Ihe cstimaled net oceanic 
carbon uptake for prcscnt-da)' (Sarmiento 
;Ind Sundquist, 1992). 
Modelling ùle fatc of the anlhropogeni( 
rc1ea .. cd CO2 rc\'calcd an inconsistency of 
the observcd Iatill dÎnal CO2 gradient in Ihe 
aunospher� wiLl! the 1IIulic11t:d Lrall5port 
fields (Tans el 01._ 1990). Up ta now, it W"ilS 
difficult lO e\'alualc the l'Ole of lhe flmül 
transport pathway in this COlllext because of 
Ihe Iack of suflicÎent river data \\'orld-\\ide. 
The pur-pose of lhis pilper is 10 respond to 
lhis dala need. Wc present a modclling 
appruach to predict Ihe fluxes or atmosphe­
rie CO" consumer! by continenl,ll crosion, 
coupled 10 a ri\'cr-roUlÎng scheme. This 
allows nul only a rcfincmelH or global and 
rcgional budgets with respect :0 tlw all10unt 
of carbon Ihal is laken OUI of lhe auno­
sphcrc, bill also a prediction of Ihe local 
inputs of Ihis carbon 10 lhe oceans lI'orld­
wide. II 1S mainly the lalter aspect th ill 15 dis­
cusscd hcrc. The basic rcJationships to deter­
mine the attllospheric CO2 consl.Il1Iptioll 
over the cotltinents ha,·c becn described 
clscwherc (wbcJow). 
DATA AND METHODS 
'111is 1,(U't is llilk"tl ul'0n l'r,-,,ious �lldi�s ('Il the ri,-c:r 
nnx.;� uf innr�anir c�rboll (Amioue-Such...,\ �nd l'robst. 
19'J:1 fI. /1, 19C):J I!. Ir. l\miOllt-.fjuchc:t. 19!15; l'r"hM tl ai.. 
l!XlI Ir. LIU!",lg '1 "/ .. in l'n'''), �nd on the ril'/:r n,,�.,� uf 
ol'ganlc C!uoou (J'rolm ,/ III .. 1994 '" l.ud,,·ig fi III .. 19\'1(.: 
I.u.\wig �I III .. In prc;s-�), IIca, fln:>:CI �rc coilnll:llcd a.s a 
fmICllon of draina!,:e: illlcn.il). ':utd of Ihe roct I)TH' /11.11 i,; 
drainl'tl b\ th" .1I1-(;I(C ..-akn... TIlt" r r laQQnship ' wcre CSl1-
blidlrd 1w Au,i'lllt'.$uchct and l'robst n!JIJ3 Q) uoin!! d,ll,l 
publisht'd b) M."heü (1986) conu·rniu!f runo/Tanrl 1-100, concenlr�liom in Slnall monolilhologlc "":ucl'lOhcd� 
in From ce, 1)()(; !luxes an' dclemlind as � funuion of 
.Imin.lgt' imcn�iI). �lIrfacc :dop<', and of lite Ol'Ir-UlÎc Clr­
bon COI1t(nl in lhl' .oils, Fut l'OC. finI � �lol);l1 map of 
5("lirn"nl )'i<:ld) ",';l� tler;''Cd 1.»' an eXII'apolanon (')j o�n'­
ell n\'Cr d31". coupkd tO an cmpiri("'�1 rdalivndliJ) hr.I\\'O""" 
rh'Cr Iit'tliUlCIH nus'!> ,md,1 mmphndin�l1k il1(kx (Lud"'ig 
ri �I .. l!mfi: Ludwig :md l'rol�t. 1!1.Itil, Thcn. l'OC nll�'''' 
art' l',llcul:llrd a!l a fU"�liul1 of ..,dllm:11I ,i"ld 3ml of ,Ir:li. 
113!i" inu!l1sÎI)' (t.lIdwig d �I .. I!)\J6), M,'st of Ihe 1ic1l1 (b':l 
whkh wcre u>cd 10 estabh,'h ill� cmpirio;;ll rdl/inn,hip� for 
Ihe \luxe. 01 organic (;lfbon hal'e l:Jecn collecled Wllhin 
the SCOI'EI UNE!' pl'ogr mll Tro1lJpqrt 1 {�If/�m ��t1 Mlnt­(Min MI!jMIIÔfilI Rh'f"$ (_Deg"ns dll .. 1991). 
III thi> mul). ail nl1�"� ",,,rc: r�<:akuI31�d in 3 
0.5' X O.[j· la timdc/longitude gn.! point rcsolulion .111 Ih" 
bUIS of commoll d;ata S"IS in orllc� 10 dclermine 1111;: 
�Im{)!<rhc:ric e.o. ronsumption O\'n Il,, C0l1UnC1lt5. C1r­
bun l1uKcs rrom ihç iccxuwred f>"m of Ihe conlincnl';o.o: 
considcfed 10 be Ilq(ligiblc. Fur drainage: inlen�ilr. wç 
lIs<:d the runolT data of th� Arias aJ Il'mirlll'ntn-Ha{,,,,(� of 
Kùnou!1 fi iiI. (!!In) Ilia' ,,'aS digililtd :Ult! gridded JI our 
iusliwlC. Mean org'dllic carhon COlllenl in Ihl" ,,<:>il� ,,'a. 
cxtractcd from a global dalascl dc\"cluped �l Ih'\. Soil 
Collse),\�llion &:I"Vice or :he United States lJcpa!'Ullcl\t of 
Agriallmll: (USI)A.s(�j. Then. Ihe aJlllllal e«rbQn nw.;�'1 
"'cre "mugln LO lh .. oœ,HlS fulluII'lI1g IWO ri'-�r-n)Ulillg mes 
(�lillcr tl ,,/., 199-1) in � 2" x 2.5" and in a 4" x 5· 
lalimdc/longilUdc grid Foim f"soit!!i,,". rcs]">ecli,'(:\y. TIlt: 
prlXo:�ding rc",ils Hl data lites for the global <\)stJibutioll 
of ril'cr carbon inputs 10 the oceans in the s",,,c resolll­
lions ,11; the rin:r-roming file, exisl. Thelc data filc! arc 
ll\ .. ilab1e from thl.' :duthorl. 
RIVER CARBON INPUTS ra THE OCEANS 
The figure shows the spatial distribution 
of river inputs of alkalinity, dissolved organic 
carbon, and particulate organic carbon tO 
the world's oceans. ln the table, the carbon 
ll11xes arc delai1cd \\'ith respect [Q the diffc­
rent ocean b,l�jns for latitlldinal bands of 4° 
each. ln arder to facilitate the presentation, 
we show and disCllSS here onl}' the [luxes cal· 
culated in the 4° x 5° latitude/longitude 
resolllUon. The resull.'; cakulaled ill lht: nUt.:f 
2° X 2.5° latiLudc/longilllde resolution are 
not mllch differcm 
Global1y, wc ca1clllate the m'eraJl river 
carbon input la be about 710 TgC/yr, with 
205 Tge being discharged as DOC, lB5 TgC 
as POC, and 320 TgC as HCO;. or the latter 
figure, 230 TgC stcm from the almosphcre. 
while lhe remainder 90 TgC originale frOm 
carbonal.e mineraI dissolution. 43% of the 
total river carbon enter the oceans in the 
Atlantic Ocean, 34% in the Pacifie Ocean. 
15% in the Indian Ocean, and 8% in the 
Arclic Ocean. Note that abou!. 28% of the 
total carbon input is  discharged b}' the 
JO largest world river basins only. 
The spatial distribution of river carbon 
inputs to the oceans is similar for ùle 3 car­
bon species because for ail of them lhe 
fluxes are SU"ongly coupled tO the spatial dis­
tribution of Lhe freshwater input to the 
oceans. Differences are round, howevcr, at 
local scales. Mainly the ratio of inorganic 
OICO;) LO organic (DOC t POC) carbon 
can vary (Rro)' The variabililY of organic car­
bon fluxes is more closcly coupled 10 the 
variabiliLY of drainage imensity ùlan il is the 
case for the fluxes of inorganic carbon. 
HeO; Iluxes are alro strongly dependent on 
t.he Ilallll"e of lhe ollLcropping conlinenlal 
rocks. COllsequently, RIO follows more or Jess 
the distribution of litllOlogy. Especially large 
\carbonate Olltcrops in river basins lead to 
great Rro values in the ocean grid elemenLO 
neareSL la the river mouths. Recause of tllC 
carbonate rich watcrsheds of certain ri\'en 
discharging to lhese zones, RIO valucs of 1.5 
1.0 more than 2 carl be found, for example, 
in the Atlantic Ocean in the latiwde band3 
of 18·52Q N (e.g. ùle St. L.."1wrenee River) and 
of 40-44° N (some European rivers such as 
ùle Rhône). or in the Pacifie Ocean in Lhe 
28_32° � (e.g. ,he Changjiang) and in the 
20.24° N (e.g. the Hungho) latitude bands. 
On the eontincnL�, large carbonate oUtCroP3 
are mainl}' abllndam in lhe Norùlern Hemi.s­
pllere, such as in the south-east of Asia, in 
western Europe, or in the eastcrn United 
States. For this reason, Rro is greater in the 
parts of the oceans north of the equator 
than south of il. Greatest average values arc 
round in the North Pacifie (Rro"" 0.94) and 
in the nonhern Indian Ocean (R,o '" 0.90). 
ln the Somh Atlantic and in the somhern 
Indian Ocean the ratio of inorganic to orga· 
nie river carbon inputs are lowesl (RIO == 0.65 
and 0.60, respectively). 
\-Vith respect to the twO organic carbon 
fonns, DOC and POC, one tan note th al di.s­
solved carbon inputs are dominant in the 
Atlantic Ocean. The DOC Lü POC ratio, Rop' 
is on a\'erage 1.4 in the North Atlantic, aTld 
lB in the South Atlantic. Particlllale carbon 
inputs arc more abundant in the Pacifie ilnd 
in the Indian Ocean. Ln the northern Indian 
Ocean relative poe Ouxes are greatest 
(R[)p =: '),6 on ave.rage) becau$e of the gn:;.ll 
sediment fluxes that are charaeterislÎC for 
the rivers draining ùle South and Southeast 
of the Himalayan region (c.g. the Ganges/ 
Brahmaputra, Indus, and Irrawaddy rivers). 
On the othcr hand, by far the greatcst avcra­
ge RDP is found for the Aretic Ocean. Mecha­
nical erosion rates on the continelll.'; arc very 
sillall in the northc:rnmo�t boreal dimatc 
zones. At tlle saille time, the soils arc often 
rich in organic carbon. For thcse l'casons, 
more than three (It l arters of the total organic 
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River Fluxes of carbon 10 the world's oceans (10" gClyr). 




























































































































































Atlantic Ocean (,) 
HCO; DOC POC HeO; 
-- -- -- --
û.07 0.01 0.01 --
0.06 0.01 0.02 --
0.63 0.10 0.07 --
0 04 0 10 0.09 --
1.08 1.37 1.06 --
0.84 3 64 1.46 --
5.02 8.98 3.25 --
L.27 5.07 0.82 --
9.99 4.38 1.26 --
5.36 2.56 1.36 --
10.30 2.34 2.53 --
163 1.09 1.19 --
1.49 1.40 1.15 --
8.67 5.46 4.64 --
0.66 0.52 0.67 ll5 
4.57 0.78 1.36 1.56 
1.32 0.44 0.43 Il.01 
2.12 2.75 4.32 16.38 
4.95 6.85 6.50 4.13 
LOO 2.48 1.66 l.57 
48.36 36.20 26.91 0.43 
192 1.47 0.85 0.41 
7.09 6.81 2.32 4.93 
0.75 0.52 0.29 0.53 
0.05 0.13 0.08 1.43 
0.76 0.42 0.25 1.14 
0.08 0.27 0.34 0.60 
0.05 0.17 0.13 0.22 
0.50 0.71 0.84 0.01 
3.76 4.60 2.38 0.01 
0.04 0.09 0.04 0.20 
0.12 0.15 0.18 0,03 
0.01 0.01 0.04 . -
0.32 0.97 1.22 . -
0.13 0.19 0.19 . . 
- - - --
131.63 103.03 69.88 47.86 
(1) Including the Mediterranean 5ea and the slad. Sea 
(1) Incluses la Méditerranée et la Mer Noire. 
FATE OF THE RIVER CARBON 
An imponalll question fOI" ÙlC cvalualion 
of the l'ole of the fluvial carbon wilhin the 
global carbon t)'CIe is Ùle nue of this carbon 
once il entered the oceanic S)'SlCII1. Processes 




















































































- - -- --
-- -- --
- - -- --
2.81 1.96 1.99 
4.20 3.69 4.11 
2.75 5.05 3.31 
1.98 1.46 1.51 
1.56 0.92 0.97 
l.OO 0.96 1.40 
1.09 1.27 7.51 
1.29 1.51 2.38 
27.94 4.12 7.90 
3.52 0.92 1.58 
11.35 2.17 3.07 
2.77 1.62 2.27 
2.42 0.68 3.31 
7.58 3.76 4.41 
3.96 2.60 2.97 
11.35 6.10 6.90 
7.19 5 43 4.36 
l.64 1.14 1.83 
10.77 l.84 4.19 
0.20 0.08 0.12 
0 04 0.20 0.23 
0.07 o.n 0.26 
0.09 0.13 0. 14 
0.01 0.01 0.02 
0.16 0.19 0.30 
0.79 1.09 1.03 
0.87 1.52 1.64 
0.68 2.12 1.91 
0.07 0.35 0.21 
0.16 0.42 0.43 
- -- -
112.30 54.53 n28 
voir <lrc lhc org-,mic maller and carbonatc 
sedimCIlLaLÎulI, ilS weil a:. Ihe respir'1liOIl of 
organic malter in ùle w<ltcr column. Carbo­
mue precipitation and organic malLer respi­
nuion libcrale CO" to the atmospherc, while 
the carboll lhal is
-
incorporalcd in ùle sedi­
ments becomes part of the Hthospherc. 
Supposing a steady Stat.c, i.l!. assuming 
that lhe river input fluxes arc balanced by 
the wilhdrawal of carbon in the oceans, 
Smith and Hollibaugh ( 1 993) concJudcd 
from a review of liLeralure data Ôlat approxi­
mately onc third of the lotal organic rh'er 
inpU! is lost ta the lithosphere, while twO 
thirds return to the aunosphere by respira­
tion. They estimated the absolutc amounl of 
riverine organic carbon input LO be 
408 TgC/yr, which is vcry dose 10 the valuc 
of 390 TgC/yr we find. According ta their 
lindings, aboU! equal amounts of the f1lL\ial 
organic carbon bccomes involved in the 
coast.a1 organic maner cyc1ing (mainly in the 
estuaries) and in the offshore ocean organic 
matter cyding. but the ratio of burial ta res­
piration in the coastal zone mOly be about 6 
la 4, while this is only 1 ta 9 in the open 
occallS. No distinction is made belween the 
fate of POC and DOC because much of Ihe 
POC in the l\-'ater column and in the upper 
scdimem larers ma)' be conl'cned la DOC, 
When applied tO our resulls, this means thal 
about 265 TgC/)'r of the l1uvial organ.ic car­
bon input retllrns 10 the atlllosphere art.er 
being oxidizcd in the oceans. 30% of this 
carbon is respired in the coastal waters, j.l!. 
mainl)' in the grid clcllleuLS LO which the 
river carbon is discharged (fig.) . The 
rcmaining ïO% is subjecled ta slow oxida­
tion in the open ocean waters. 
For inorganic carbon. an assll1l1cd slcad)' 
state implies that carbonate sedimentation in 
the oceans balances tlle river HCO; fluxes. 
As an efTect of carbonate precipi tation, hall" 
of ÔU' HC03 river carbon is fixed in ôle sedi­
menu, while ùle other half is released ta the 
atmosphere. With our values, this males 
160 TgC/yr for each flux. Regionally, carbo­
nate sedimemauon in the oceans is limiled 
to the regions whcre the sea floor lies above 
the calcite compensation deplh (CCD). 
DISCUSSION AND CONCLUSIONS 
We calculatc that about 620 TgC of 
atmmpheric carbon is consumed b)' COllti­
nental erosion every year and predict Ihe 
input of this carbon lO the oceans :tloog the 
coasùines of the comincnlS. Assuming a stea-
d)' stale belween the river input and the 
oceanic output fluxes, the carbon relUrn 
from the OCC,IllS ta ùle aU1lOsphere can be 
estimated ta be .425 �C/)'r. The rcmainder 
of 195 TgC sho.uld elller the atmosphere 
ove!" the continents through volcanism 
{abOlit 70 TgC/yr: Berner el (Il., 1983; 
Williams el (II., 1992) and the oxidaLion of 
fossil organic matter in sedimentar)' rocks 
(about 125 TgC/yr: Kramer. 1994; Sarmien­
to and Sundquist, 1992). 
Ho\\'e\'er, a great uncenainty in the bud­
get discussed here is the variabililY of the 
mctabolism in the coastal zones. Although 
Smith and Hollibaugh ( 1 993) concludcd 
that the coastal ocean is globally net hetero­
trophic, Î.I!. respiration exceed't primar)' pro­
duction, the}' reponed "Iso L'tat this is Ilot 
ôle case for ail sites for which data are avai­
lable. Tht')' present indications that the hete­
rotrophie charaeter of an eSlUary increases 
with grcaler primar)' production raies, whe­
reas eSllmries with low produetÎvÎl}' tend 10 
be net amotrophie, i.l!. carbon production 
cxcceds carbon consumption. Look.ing at 
the very unc. ..... en distribution of the river car­
bon inputs (fig.), it becomes evidem ÔtaI a 
strong variability of ùle coast.ll metabolÎsm 
could natur.llly have a great innuellcc on the 
fate or the organic carbon once it is dischar­
gcd la the oceans. Moreover, there are no 
means 10 \'crify whether the oee,lns are 
aClually in a steady smte with respect tO the 
river carbon inputs. Kempe ( 1 995) argued 
that large areas of ùle world's coastal zones 
ma)' have lost their naturaJ heterotrophic sta­
tus and becollie aULOtrophic because o f  
anthropogenic eUlrophication, theTeby caus­
ing either an increase in marine org:IIlÎc car­
bon bu rial or an increase in the oceanic 
DOC and dissolvcd inorg"dllÎC carbon pools. 
A typology of coastal zones with regard tO 
the organic matter cycling could help to 
improve the budget (alculations in this l'CS­
pect. The deveJopment o f  a coast.11 typology 
is olle of the framework activities of the 
LOICZ (Land-Ocean Interactions in the 
Coast.'\1 Zone) core project of the Internatio­
nal Geosphere Biosphere Program (IGBP, 
1995). 
